Objectives: This study aimed to explore the association between early life factors and dental caries among 5-year-old Chinese children.
Introduction
Untreated tooth decay is the most common health problem worldwide (1, 2) . The Global Burden of Disease (GBD) Study showed 9% of children had untreated decay into dentine in primary teeth -sufficiently severe to require a filling or extractionwith a peak at age 5-6 years (2). Dental caries can negatively affect children's well-being, including growth and school performance (3, 4) , and is very costly to treat, thereby placing a major financial burden on families and the healthcare system (5).
Researchers have recently started to examine distal determinants of dental caries, i.e. those beyond child behaviours and oral factors, to identify high-caries risk children early in life (6) .
A life course approach to chronic disease epidemiology recognises how exposures early in the lifespan influence disease risk later in life, and hence, may help explain inequalities in child and adult morbidity and mortality (7, 8) . Early life factors refer to socially-patterned experiences during prenatal and infant life which may lead to changes in the structure or function of organs and systems, thus affecting health in childhood and later life (7, 8) . They can impact on children's growth and development (9) , and are associated with a number of chronic conditions (10, 11) . Two notable factors in early life are low birth weight and breastfeeding. Low birth weight, a marker of fetal growth, has been linked to a variety of chronic diseases in later life (10) .
Impaired fetal nutrition and growth may affect the development of primary teeth, which commences in utero (12) . A systematic review of the relationship between low birth weight and subsequent development of caries identified 4 papers, one reporting a longitudinal study, and none of which supported an association (13) . Three subsequent longitudinal studies show contradicting results (14) (15) (16) . Whilst the benefits of exclusive breastfeeding on child and maternal health are well known (17, 18) , the picture remains unclear with regard to childhood dental caries. Two recent reviews, based mainly on cross-sectional studies, are equivocal (19, 20) . There is growing evidence that breastfeeding beyond 12 months (20, 21) , and nocturnal feeding (20) , may be associated with greater caries experience in primary teeth.
Toothbrushing, a positive health behaviour, is the primary method of mechanical plaque removal (22), and delivery of fluoride in toothpaste to protect against caries (23) (24) (25) (26) , with professional guidance recommending brushing with a fluoride toothpaste once the first tooth appears and doing so at least twice per day (27).
Based on the above background, further research is needed to explore possible pathways between the multiple layers of influences potentially accounting for how determinants of early childhood caries operate and traverse individual, familial, community, and socio-cultural contexts (28) , at national, rather than merely at local level.
The aim of this research was to explore the association between early life factors and dental caries in 5-year-old children in China. We hypothesised that childhood dental caries was positively associated with breastfeeding and negatively associated with low birth weight and late commencement of toothbrushing.
Materials and Methods

Data source
This cross-sectional study used data from the 3 rd National Oral Health Survey of China (2005), which covered the four World Health Organization (WHO) index ages (29). All 31 provinces of Mainland China participated in the survey, except for Tibet.
Participants were selected using multistage stratified cluster sampling. First, each province was divided into urban and rural areas; urban areas were classified into 3 strata by population size, whereas rural areas were classified into 3 strata by Gross Domestic Product (GDP). Second, one city or county was randomly selected from each stratum. Hence, 3 cities from urban areas and three counties from rural areas were selected from each province. Third, 3 streets or townships were randomly chosen from every city or county, respectively. Fourth, two kindergartens in these streets or townships were chosen randomly from the list of kindergartens provided by the council. Fifth and finally, at each kindergarten, a random sample of 20 children aged 5 years was recruited using the list of enrolees. A target sample of 720 participants was initially set per province, for a total of 21,600 children nationally. A total of 23,365 5-year-olds were clinically examined and questionnaire data were available for 12,692 children as only parents or guardians of half the survey participants were invited to complete questionnaires. Ethical clearance was not required as the present study was based on secondary analysis of anonymised data from an existing national health survey.
Variables
The number of decayed, missing and filled primary teeth (dmft) was the outcome seldom/never (0). The weighted scores were chosen to match the lower frequency of consumption in each response category (30, 31) . A total score, ranging from 0 to 10, was generated by aggregating scores for the 5 sugary items. Based on this, participants were grouped into 3 categories: less often than daily, once or twice a day, and more than twice a day. Family factors included parental education, household income, place of residence (urban or rural), number of children in the family, respondent's age and their relationship to the child (father, mother and other).
Parents were asked to provide an estimate of the annual household income with no pre-set categories. Income data were equivalised using the Luxembourg Income Study scale to account for family size (32, 33) . This involved dividing the total household income by the square root of the number of individuals in the family (32).
After equivalisation, household income in Chinese Yuan was categorised into five groups: very low (0-4,999), low (5,000-9,999), medium (10,000-14,999), high (14, 999 ) and very high (20,000+).
Statistical analysis
Post-stratification weights were used to adjust for differences in the age-by-sex-byethnicity-by-province distribution between the sample and the general population in the 30 provinces involved in the study, according to the 5 th National Demographic Census in 2000. Analyses also took into account the complex survey design (stratification and clustering) to produce corrected standard errors. All analyses were performed in STATA 14 (Stata Corp LP, College Station, TX).
We first present the composition of the sample according to child and family factors.
The impact of missing data was evaluated comparing the characteristics of participants with complete data (study sample) and those excluded due to missing values in relevant variables, using the Chi-square test. The proportion of children that were lighter at birth, exclusively breastfed and had started toothbrushing at one year of age or beforehand, was then examined by child and family factors using the Chisquare test.
The association between each early life factor and dmft index was explored in crude and adjusted models using negative binomial regression, as the outcome measure was a count variable with over-dispersion. Rate ratios (RRs) and 95% confidence intervals (95% CI) were therefore reported as the measure of association. The modelling strategy was first to estimate the crude association of each early life factor with dmft, and then, to adjust these estimates for potential confounders at child (sex, ethnicity, birth order, toothbrushing frequency, last dental visit and sugar intake frequency) and family level (parental education, household income, place of residence, number of children in the family, respondent's age and relation to the child). The adjusted model also included the other early life factors in order to explore their relative contribution to explain variations in dental caries experience.
Undertaking sensitivity analysis, we evaluated the impact of the respondent's relationship to the child as this might have an influence on the findings (34, 35) . To that end, we repeated our set of regression models with the subgroup of children for whom the mother completed the parental questionnaire.
Results
A total of 9,722 children with complete data in all relevant variables were included in this analysis (representing 77% of those whose parents were invited to complete the questionnaire). The characteristics of the study sample are presented in Table 1 .
Children in urban, wealthier and single-child families were more likely to be included in the study sample. No other differences, even for the three early life factors and dental caries experience, were found between the study sample and those excluded because of missing data. The mean dmft was 3.59 (95% CI: 3.37-3.81) and 66.9%
(64.5-69.2%) of children had experienced dental caries. The average number of decayed teeth was 3.49 (3.26-3.71), representing 97.2% of the dmft index.
Overall, 3.7% (CI: 3.0-4.5%) of children were lighter at birth, 62.2% (CI: 61.0-63.3%)
were exclusively breastfed and only 2% (CI: 1.5-2.6%) were toothbrushing at the age of one year. Low birth weight was significantly more common in girls, later-born children within the family, larger families and less educated parents ( Table 2 ).
Exclusively breastfeeding was more common in later-born children, those living in rural areas, and amongst less educated, poorer and younger parents. Early toothbrushing (aged 1 year or below) was more common in first-born children, smaller and urban families, and older, more educated and wealthier parents
Toothbrushing was not a social norm with only 34.7% of children reported as having started toothbrushing by 3 years of age.
Breastfeeding, and age when brushing started, but not birth weight, were significantly associated with dental caries experience in unadjusted models (Table 3) . Children who were exclusively, and predominantly, formula-fed had significantly lower dmft values than those exclusively breastfed. Children who commenced toothbrushing later in life, however, had higher dmft values than those who started within the first year after birth. These associations were attenuated, but remained significant, after adjustment for child and family factors. In the adjusted model, children who were 'exclusively' and 'predominantly' formula-fed had significantly lower dmft values than those who were exclusively breastfed, whereas children who started toothbrushing after their first year later had significantly higher dmft values than those who started aged one or before, with dmft values increasing with each year of delay in commencement of toothbrushing. Other significant factors were parental education, child birth order, sugar intake frequency and dental attendance.
Associations were slightly attenuated when analysis was restricted to mothers. Only children that were exclusively formula-fed had a lower dmft than those who were exclusively breastfed. 
Discussion
This study shows that certain early life factors were associated with childhood dental caries among Chinese pre-school children. Formula-fed children and those who started brushing earlier had lower caries experience by age 5 years. However, birth weight was not associated with children's caries experience. These findings were not accounted for by several well-known determinants of early childhood caries.
Some limitations of this study need to be addressed. First, this analysis was based on cross-sectional data and therefore only able to test for association rather than causal relationships. Second, we used data from a survey conducted in 2005.
Despite being conducted over a decade ago, the 3 rd national Oral Health Survey remains the latest data available and the contemporary reference in China. Third, our study sample included only 77% of the participants with parental questionnaire, which may raise some concerns about the impact of missing data and the representativeness of the sample. However, no major differences were found between the study sample and those excluded because of missing values,
suggesting that the present findings could be generalised to the study population.
Fourth, information on early life factors was based on parental reports with a long recall period, which might result in greater measurement error. However, parental reports of their children's birth weight (34, 36) , and breastfeeding practices (35, 37), after many years have been shown to be valid and reliable when compared with medical records. Whilst parental reports are considered to be more accurate if provided by mothers, who tend to be more involved in child care in the early years (34, 35) , our sensitivity analysis, however, found similar results for parents overall as when restricting the analysis to participants whose mother completed the questionnaire.
The most controversial finding of this study is that exclusively and predominantly formula-fed children have lower caries experience than exclusively breastfed children.
Although available evidence is far from settled, most of the debate has focused on whether breastfeeding has a protective effect on children's dental status or not, rather than whether it is bad for teeth. A recent longitudinal study in Japan found that infants who had been breastfed for 6-7 months, both exclusively and partially, were at higher risk of dental caries at 30 months than those who had been exclusively formula-fed; however, the adverse effect of breastfeeding waned as children grew older and were no longer significant beyond 42 months for the partially breastfed group and 54 months for the exclusively breastfed group (38) . Based on our findings, we argue that in China, like in most low and middle income countries, artificial feeding is mostly available to wealthier families given the cost of infant formula, and as such, it may represent a very strong indicator of family socioeconomic position (SEP) at birth. Indeed, we found higher proportions of breastfed children at lower levels of parental education and income as well as an association between household income and childhood dental caries in the crude but not in the adjusted model. If breastfeeding reflects family SEP at birth in China, family SEP when children are 5 years old would be an intermediate factor in the association between family SEP at birth and dental caries and its association with the outcome may be evident after controlling for family SEP at birth. Adjusting for indicators of family SEP at birth would shed some light on this area and should be tested in future research.
At present, the American Academy of Paediatrics (AAP) recommends mothers to adopt breast feeding for the first year as this helps the infant develop their immune system (39), whilst WHO suggests exclusive breast feeding for the first 6 months because of similar reasons (40). It might therefore be too early to set a final recommendation about breastfeeding and dental caries.
A very important finding from this research is the clear dose-response relationship between the age when toothbrushing commenced and children's caries experience, suggesting that the later children start brushing their teeth, the greater their caries experience by the age of 5 years. Furthermore, our findings reveal that only a very small minority of children (2%) had started toothbrushing within the first year after birth, and only one third of children had started toothbrushing at the age of 3 years, when the full primary dentition is in place, whereas only 14.2% of the total were brushing twice per day or more. Early toothbrushing is clearly not the societal norm in China and our findings provide evidence of higher caries experience with each passing year toothbrushing is delayed. Whether this finding reflects the effect of mechanical plaque removal, use of fluoride toothpaste or a combination of both is unknown in this population. However, given the strong evidence on the benefits of fluoride (23) (24) (25) (26) , the advice should be for parents to start toothbrushing with a standard (1000-1500ppm) fluoride toothpaste (41), when teeth erupt (42) , which is generally well before a child's first birthday; and to brush at least twice per day (42) , last thing at night and at one other time. The importance of parental brushing and supervision until a child is aged 7 years is also important (42) , and should be explored in future research.
Interestingly, birth weight was not associated with childhood dental caries in the present study. A suggested mechanism linking low birth weight and childhood caries is the effect on the development of the dentition in utero (12) . Although it is now clear that developmental enamel defects, hypoplasia in particular, increase the susceptibility of caries development (43) , stronger evidence for an association between impaired fetal growth and enamel hypoplasia has been found in infants with very low birth weight (12) . It is thus possible that an effect exists, but was masked because very low birth weight, which leads to severe fetal growth restriction, was not recorded in this study.
The present findings have very important implications for public health policy and further research. With rapid economic development in the last decade, dental caries has emerged as one of the major health problems affecting the Chinese population, especially children. As a highly preventable disease, we must emphasise the importance of controlling modifiable early life risk factors, the simplest and easiest of which is toothbrushing with fluoride toothpaste. Health public policy and environmental and community action should promote and support the practice of regular twice-daily toothbrushing. Given the links with other health care professionals during infancy, it will be important to ensure that this modifiable early life factor is addressed. As for research, further studies, ideally using prospective designs and more elaborate methods of assessment of breastfeeding and family factors at birth should be conducted.
Conclusion
In conclusion, our analysis of national survey data shows that early life factors play a role in childhood dental caries among pre-schoolers in China. Whilst low birth weight was not associated with children's dental caries experience, children exclusively breast-fed and those starting toothbrushing at a later age were more likely to have greater caries experience at 5 years of age. Toothbrushing frequency among young children falls well below evidence-based prevention norms and demand urgent public health action.
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